In an osteological collection of 3100 specimens, 70 were found with unilateral clavicular fractures which were matched with 70 randomly selected normal specimens. This formed the basis of a study of the incidence of arthritis of the acromioclavicular joint and the effect of clavicular fracture on the development of arthritis in the ipsilateral acromioclavicular joint. This was graded visually on a severity scale of 0 to 3. The incidence of moderate to severe arthritis of the acromioclavicular joint in normal specimens was 77% (100 specimens). In those with a clavicular fracture, 66 of 70 (94%) had arthritis of the acromioclavicular joint, compared to 63 of 70 (90%) on the non-injured contralateral side (p = 0.35).
Primary arthritis of the acromioclavicular (AC) joint is common in the general population, with an incidence as high as 82% in asymptomatic subjects. 1 Post-traumatic arthritis is believed to be common following distal clavicular fractures, particularly those with an intra-articular component. 2 However, the majority of patients with such fractures remain asymptomatic. 3 Following grade I and II sprains of the AC joint, up to 42% of patients develop symptoms. 4 It is not known whether malunited fractures of the clavicle result in an increased incidence of ipsilateral arthritis of the AC joint. In a small series, Edelson 5 found no evidence of arthritic changes in the adjacent AC joint in specimens with fractures of the clavicle. Based on these findings, shortening of the clavicle after fracture was suggested to provide a 'physiologic arthroplasty' which protects the joint from arthritic change. 5 This study evaluates the incidence of arthritis of the AC joint and the effect of clavicular fracture on its development. We hypothesise that such a fracture does not affect the incidence of ipsilateral arthritis of the AC joint compared to the contralateral side.
Materials and Methods
The clavicles and scapulae of 3100 specimens from the Hamann-Todd Osteological Collection at the Cleveland Museum of Natural History (Cleveland, Ohio) were examined for evidence of fractures of the clavicle. The specimens consist of the remains of the unclaimed dead in the Cuyahoga County Mortuaries and local hospitals between 1893 and 1938.
Demographic information including age at death, gender, race and the cause of death were available in a database at the museum. Fractures of the clavicle were identified in 90 specimens. Bilateral fractures in three, a missing contralateral clavicle in two, nonunion in three, and broken specimens in 12 were excluded, leaving 70 unilateral fractures for analysis. A total of 70 normal specimens, with 140 AC joints, over 30 years of age at the time of death, were selected at random to serve as controls to determine the incidence of arthritis of this joint in the general population.
The fractured clavicles were analysed for the location of the injury and the amount of shortening that had occurred with healing. The lengths of the fractured and unfractured clavicles were measured on an osteometric board equipped with digital calipers (Mitutoyo Co., Kangawa, Japan). Each clavicle was aligned with its sternal facet flat against the vertical measuring surface. The length of each was measured as the distance from the sternal facet to the most lateral aspect of the clavicle. Shortening was defined as the difference in length between the fractured and contralateral, unfractured clavicle. The location of the fracture was recorded according to the OTA classification 6 as medial end, diaphysis, or lateral end.
Arthritis in each clavicle and acromion was assessed visually and by direct palpation. Arthritis was graded on a scale of 0 to 3 (Figs 1 and 2 ). Grade 0 was defined as no arthritic changes; grade 1 was defined as mild arthritis represented by elongation of the facet or erosion or degeneration of less than 50% of the facet, but an otherwise smooth joint; grade 2 was defined as moderate arthritis, represented by loss of definition of the facet, the presence of marginal osteophytes, erosion of greater than 50% of the facet, or joint surface irregularity; grade 3 was defined as severe arthritic changes with large osteophytes present. A single unblinded observer (MRC) performed the grading of all specimens. Arthritic changes in each clavicle and acromion were initially evaluated separately prior to grading arthritic changes at the AC joint as a combination of the changes in the clavicle and acromion. If the grade of arthritis in the clavicle and acromion differed, that of the AC joint was graded at the higher level. Statistical analysis. The previously fractured and normal specimens were compared using Student's t-test. For statistical analysis, samples were divided into no arthritis (grades 0 and 1) and arthritis present (grades 2 and 3). Statistical analysis for comparison of the presence of arthritis was done with the chi-squared test. For calculations with insufficient expected values, Fisher's exact test was performed. A p-value < 0.05 was considered statistically significant. In addition, the influence of advancing age on the incidence of arthritis was examined with Pearson's correlation coefficient.
Intra-observer reliability was assessed using Cohen's κ analysis, with the observer grading the arthritis in ten different specimens on three separate occasions at one-week intervals. Intra-observer reliability was 0.63. Inter-observer reliability 7 (κ) was determined by two different observers, in order to demonstrate reproducibility grading arthritis in ten different specimens and finding an inter-observer reliability of 0.6. None of the inter-observer classifications differed by more than one grade.
Results
Specimens. Those with unilateral fractures were a mean of 58.4 years (33 to 87) old at the time of death. There were 62 men and eight women, of whom 57 were Caucasian, 11 were black, one was American Indian, and one was Asian/other. There were 37 clavicles from the left side and 33 from the right. The position of the fracture was in the diaphysis in 60, the medial aspect in three and the lateral aspect in seven. The mean change in length of the fractured clavicle compared to the unfractured clavicle was 11.1 mm, which involved shortening in 66 and lengthening in four. The mean shortening was 12.1 mm (1.8 to 36.6) and the mean lengthening was 4.08 mm (2.1 to 9.1).
The 70 randomly selected control specimens without fractures of the clavicle were a mean of 54.0 years (33 to 96) old at death. There was no significant difference in age between the population control specimens and the specimens with a clavicle fracture (p = 0.09). There were 58 male specimens and 12 female, of whom 59 were Caucasian and 11 were black. AC joint arthritis. The incidence of moderate to severe arthritis of the AC joint in normal specimens was 77% (100 specimens). Only 14 (7%) of the AC joints had no evidence of arthritic changes. Moderate to severe arthritis was found in 66 (94%) of the specimens with a previously fractured clavicle, compared to 63 of 70 (90%) in the uninjured contralateral side. There was no significant difference in the presence of arthritis when the fractured and unfractured sides were compared (p = 0.35). There was significantly more moderate to severe arthritis in the AC joints of specimens with a fracture of the clavicle, as well as in the contralateral unfractured side, than in the AC joints of the control specimens without fractures (p < 0.001).
Age. The presence of moderate to severe arthritis of the AC joint in the cohort of normal specimens increased significantly with each decade of age (p < 0.001). It was found on 12 (40%) specimens less than 40 years and 13 (59%) aged 40 to 49 years of age. Overall, arthritis occurred in 25 (48%) specimens less than 50 years of age (Fig. 3) . The incidence increased to 92% (24) and 98% (15), respectively, for specimens 50 to 59 years of age and over 60 years of age. However, there was no significant difference in the incidence of arthritis between the 50 to 59-year-old group and the > 60-year-old group (p = 0.55).
Even though arthritis was more common in older specimens, older age did not correlate with higher grades of arthritis (r = 0.11, p = 0.36).
In specimens with a clavicular fracture, age did not appear to correlate with the presence of moderate to severe arthritis of the AC joint (r = 0.11, p = 0.07). Even in specimens younger than 50 years at the time of death there was a higher incidence of arthritis, but this was similar in both fractured and unfractured sides, occurring in 20 of 23 specimens with a clavicular fracture compared to 46 of 47 of the joints on the contralateral side (p = 0.17) (see Fig. 1 ). Arthritis of the AC joint was found in 20 of 23 (87%) specimens less than 50 years of age, compared to 46 of 47 (98%) specimens over 50 years of age (p = 0.06). However, compared to the control specimens, the presence of a clavicular fracture did appear to increase the incidence of both ipsilateral and contralateral arthritis in the fracture specimens (p < 0.01). Location of the fracture. The location of fractures reflected those previously described 8 with diaphyseal injuries being the most common, followed by lateral and then medial fractures. However, the location of the fracture appeared to have no influence on the presence of moderate to severe arthritis of the AC joint. Of the diaphyseal fractures, 57 of 60 (95%) had arthritis, compared to 54 of 60 (90%) of the contralateral side (p = 0.30). In six of seven lateral fractures arthritis was present with the same incidence on the contralateral side. All three medial fractures had arthritis with the same incidence on the contralateral side. Fracture length. Shortening due to the fracture did not affect the presence of moderate to severe arthritis. Arthritis was found in 46 of 48 (96%) fractures which had shortened < 15 mm, compared to 16 of 18 (89%) of fractures with shortening of ≥ 15 mm (p = 0.29). The joints in specimens which had shortened < 15 mm did not differ significantly from the contralateral side (46 of 48 (96%) vs 43 of 48 (90%) (p = 0.24). Those in specimens which had shortened ≥ 15 mm had the same extent of arthritis as on the contralateral side (16 of 18, 89%). Lengthening of the fracture site also did not appear to have an effect on ipsilateral arthritis, as the degree of degenerative change was identical to that on the contralateral side.
Discussion
The AC joint is a frequent source of shoulder pain, particularly secondary to degenerative arthritis or trauma. 2, 4 Arthritis of the AC joint is prevalent throughout the population. 1 However, most people are asymptomatic. Recently, there has been interest among trauma and shoulder surgeons in the operative repair of clavicular fractures with a significant deformity because of concern about the resultant functional limitations. [9] [10] [11] [12] [13] [14] The results of this study suggest that malunited clavicular fractures do not lead to an increased risk of degenerative changes in the ipsilateral AC joint, relative to the controlateral unfractured side.
Edelson 15 has described the bony characteristics of degenerative change in the AC joint. Changes on the acromial side included elongation of the joint and osteophytes, and broadening and rounding-off of the distal clavicle. This study served as the basis for our grading system of AC joint arthritis, which included a visual inspection of the joint surface as well as direct palpation for surface irregularities. As arthritic changes in bone typically follow disc or cartilage degeneration, our grading was probably skewed towards more advanced stages of degenerative change. The joint surface was palpated to detect more subtle irregularities. Osteophytes, which may bridge the joint, were considered more severe as they probably resulted from chronic degeneration. Our grading system demonstrated substantial intra-and inter-observer reliability, similar to that of other visual classifications of arthritis. 16 A previous study similar to ours, using the Terry Collection at the Smithsonian Museum of Natural History in Washington, DC, noted no evidence of arthritis of the AC joint in nine specimens with clavicular fractures. 5 In that study, arthritis was defined as bony eburnation, loss of facet definition, and rounding of the distal clavicle. Emphasis was placed on arthrosis across the joint, of which no signs were observed. In fact, the author suggested that clavicular shortening provided a 'physiologic arthroplasty' which helped to dissipate normal loading forces across the acromioclavicular joint. Our larger study demonstrated that the majority of specimens with clavicular fractures had some degree of arthritis. This difference in results may be due to the variation in definitions of arthritis in the joint. Our grading scheme described a progression of degenerative changes exhibited by the AC joint, which differentiated it from the normal joint (Fig. 2) .
As expected, arthritis was much more prevalent in the older population, but the severity did not correlate directly with age. In specimens > 50 years of age the incidence of arthritis was only 48% in the control specimens, compared to 87% in the fracture specimen. This suggests that clavicular fractures might have been associated with concomitant injury to the AC joint or contributed to increased load on the joint over time. However, within individual specimens the presence of a clavicular fracture did not appear to affect the incidence of ipsilateral joint arthritis compared to the contralateral side. Interestingly, arthritis was more common on both sides of specimens with clavicular fractures compared to our cohort of normal specimens. We speculate that the fracture alters the biomechanics of the contralateral shoulder girdle to compensate for deformities occurring at the fracture site. Alternatively, there may simply be a demographic bias between the fracture population and the controls. As clavicular fractures usually occur as a result of a high-energy fall, the fracture population may have been more frequently engaged in recreational or occupational activities that predispose them to repetitive load or injuries to the shoulder.
Shortening after fracture was not found to have a significant effect on the development of ipsilateral arthritis. Much debate surrounds the effect of shortening following clavicular fractures, with some studies demonstrating that this results in poor clinical outcomes, 11, 12, 17, 18 whereas others suggest that shortening has no effect. [19] [20] [21] Unlike high-grade dislocations of the AC joint, which result in significant disruption of the joint, clavicular fractures may not necessarily result in disruption of the acromioclavicular and coracoclavicular ligaments. Thus, the relationship between the distal clavicle and the acromion is maintained. Even if there is resultant widening of the joint following a clavicular fracture, alterations in the mechanics and position of the shoulder girdle may also contribute to the maintenance of function in the joint and shoulder. Therefore, the shear forces that contribute to cartilage and bone degeneration in separations of the AC joint may not necessarily exist after fracture of the clavicle.
Traditionally, the site of the fracture, particularly if lateral, was believed to be associated with the development of arthritis of the AC joint. 2 As in other joints, fractures that affected the joint surface or altered the distribution of forces across adjacent joints often resulted in an increased incidence of arthritis. As the incidence of arthritis of the AC joint was already extremely high in all fracture specimens, and with the small numbers of lateral and medial fractures available, we were not able to test the association of lateral clavicular fractures with the development of ipsilateral AC joint arthritis.
Several limitations are inherent in an anatomical study. First, no clinical information is available about the specimens. Previous studies have demonstrated that the majority of the population has some degree of arthritis of the AC joint, but most people are asymptomatic. 22, 23 It is not known whether the specimens with clavicular fractures had symptomatic AC joints or whether they had functional limitations and the timing of the fracture in relation to the time of death is unknown. Although all fractures were united, it is possible that there may have been a greater effect on arthritis of the AC joint in specimens which had sustained the fracture earlier in life. Moroever, if clavicular fractures do lead to the future development of ipsilateral arthritis of the AC joint, the chronological progression of this process could not be determined. Arthritis of the AC joint is a common finding, so that specimens with clavicular fractures may have already had pre-existing arthritis and the arthritis observed in the joint arthritis may not have been a result of the clavicular fracture.
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